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EDDY-OPTIC SENSOR FOR OBJECT INSPECTION 
BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a sensor for the efficient inspection and measurement 
of objects such as semiconductor wafers upon which dielectric and conducting films are 
5 deposited, 

2. Description of the Related Art 

In the process of manufacturing integrated circuits, films are deposited on 
semiconductor wafers, etched, and overlaid by additional films to create the integrated 
circuits. The films may be either conducting metal films or dielectric films. Quality and 

10 thickness of a particular film layer is critical to the manufacturing process, and it is of 
particular interest to measure the thickness of a film layer quickly and accurately. Two types 
of measurement techniques are commonly used to measure thickness. Dielectric films are 
transparent and thickness may be measvired using optical reflectance. Conducting metal film 
thickness may be measured using eddy current sensing techniques. Further, if the conducting 

15 metal film is thin enough, it is transparent or semi-transparent which allows the thickness of 
the film also to be measured using optical reflectance. Both techniques are known and used in 
the industry. 

Optical reflectance may be used to determine characteristics such as thickness, index 
of refi-action and index of extinction of transparent and semi-transparent films. Metal films 
20 with a thickness greater than a few tens of nanometers tend to be optically opaque to light 
having wavelengths between 200 and 1100 nanometers. As a result, optical reflectance 



measurements are ineffective to determine thickness for such films. Eddy current sensing 
may be used to measure sheet resistance, which is correlative of such electrically conducting 
film thickness. Thus eddy current sensing generally may be used to measure thick 
conducting films and optical reflectance sensing generally may be used to measure thin 
5 conducting films that are transparent or semi-transparent. 

Eddy current sensing techniques do not work for measuring thickness of films which 
do not conduct electricity sufficiently such as dielectric films. As a result, it is necessary to 
rely on optical reflectance techniques to measure dielectric film thickness. 

The optical reflectance of the conducting metal film can vary with surface oxidation 
10 and grain size. After a conducting metal film is deposited on a semiconductor wafer, an 
annealing step is carried out to stabilize the film, to improve the conductivity of the metal 
film by enhancing the size of the metal grains, and with the proper reduction agent, to clean 
oxide firom the film. This annealing process changes the grain size of the conducting metal 
film which changes the optical reflectance characteristics and the sheet resistance. The 
15 change in film reflectance after annealing can be correlated to both oxide removal and grain 
size variations. 

Moreover, eddy current sensing alone cannot distinguish whether sheet resistance 
varies because of film thickness or because of grain size change caused by the annealing 
process. Therefore, both optical reflectance measurements and eddy current sensing 
20 measurements are required to adequately determine thickness of a conducting metal film, and 
it is advantageous to take both measurements during a single inspection. Optical reflectance 
measurements can compensate for variations in sheet resistance due to grain size variations 
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thereby allowing eddy current sensing measurements to correlate accurately with film 
thickness. 

Both the optical reflectance and the eddy current sensing methods of inspecting 
conducting film are well known to skilled practitioners of the art. However, each method has 
been employed separately and apart fi*om the other. In view of the foregoing, it would be 
desirable to be able to rely on different types of information derived from a combination of 
both optical reflectance and eddy current sensing measurements. 

SUMMARY OF THE INVENTION 

One feature of the invention is to provide both optical reflectance and eddy current 
measurements for determining film thickness. Reflectance measurements are usefiil to 
determine grain size, oxidation thickness, and film thickness when the film is transparent or 
semi-transparent. Both dielectric and conducting films may be inspected using optical 
reflectance measurements. However, only eddy current sensing techniques are usefial in 
measuring sheet resistance of conducting film which is determinative of film thickness and 
grain size. Such eddy cmrent measurements are typically made at a distance of a few 
microns to hundreds of microns from the film and cover an area of 1 to 2 square millimeters. 

The inventive design enables both eddy current sensing and optical reflectance 

measurements to be taken sequentially or simultaneously. When both eddy current and 

optical reflectance measurements are made by the same sensor, either dielectric or conducting 

metal films may be inspected without changing the sensor. Thus, manufacturing time is 

reduced because any time needed to change sensor types to inspect different types of films is 

eliminated. Further, a film may be inspected while it remains in the process chamber thus 

eliminating time needed to move a wafer with a deposited film from a process chamber to an 

3 



inspection chamber. Still further, multiple jSlm layers may be inspected simultaneously 
provided a transparent dielectric film overlays a conducting metal film. 

hi accordance with the invention, a two optical fibers (or a bifurcated optic fiber 
having two channels) and an eddy current inspection coil are provided together, hi one 
5 embodiment, the fibers may be placed co-axially within the coil. A first optical fiber is 
connected to either a broadband or a narrowband (laser) light source for illuminating the film. 
A second optical fiber is connected to a spectrometer or a monochromator which is equipped 
with a charge coupled device, a photodiode array, or a photodiode with a band pass filter to 
measiu-e the reflected light intensity returning fi-om the object through the second fiber. 
10 Without optical focusing, the area illuminated by the first fiber is about the same area as the 
area inspected by the eddy current sensor. However, some applications may require a smaller 
inspection area, and in those cases, a sensor which includes an optical focusing member may 
be used. 

Li another embodiment, the first and second optic fibers are mounted external to the 
15 eddy current sensor but are focused on the area to be inspected by the eddy current sensor. 
Connections to the light source and detector remain the same as in the first embodiment. 

hi still a further embodiment, an array of eddy current — optical reflectance (eddy- 
optic) sensors may be used to measure the uniformity of a film's properties, or a single such 
sensor may be used to measure the properties of the film at various locations by effecting 
20 relative movement between the sensor and the film, by moving either the sensor, or the film, 
or both. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and benefits of the invention will be readily appreciated in 
light of the following detailed description of the preferred embodiments thereof, given by 
way of example only with reference to the accompanying drawings wherein: 

Fig. 1 shows a first embodiment of the inventive sensor; 

Fig. 2 shows a cross section of the inventive sensor; 

Fig. 3 shows a cross section of the inventive sensor having a focusing member; 
Fig. 4 shows an inspection system using the inventive sensor; and 
Fig. 5 shows a further embodiment according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described with reference 
to the attached drawings, wherein identical elements are designated with like numerals. 

The eddy-optic sensor offers clear and distinct advantages over other sensors to 
measure conducting film thickness. In a typical installation, referring to Figure 1, a sensor 
100 is positioned fi-om a few microns to a few hundreds of microns over an object 150, such 
as a semiconductor wafer, upon which a conducting film 151 has been deposited. An eddy 
current inspection coil 103 as shown in Figure 2 is energized by a radio firequency generator 
110 using conductor 107. The eddy current inspection coil 103 induces eddy currents 152 in 
the conducting film 151 which are then detected by an eddy current detector 120. 
Measurements taken by the eddy current detector 120 are representative of the resistance of 
the conducting film 151, and in the case of constant resistance also of the thickness of the 
film. 
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The sensor also illuminates the film using a light source 130 which emits light is 
conducted by a first fiber 101 to a location at which film measurement is to be made. The 
light source 130 will be either a broadband light source or a laser having a wavelength in the 
range of 200 to 1100 nanometers (ultraviolet to near infirared). Light reflected by the 
conducting film 151 then is conducted by a second fiber 102 to a light detector 140. The 
light detector 140 may be a device such as a charge coupled device or a photodiode array, 
though any detector suitable for this purpose may be used. Measurements taken by the light 
detector 140 may be used to determine the thickness, the index of refi"action and the index of 
extinction of transparent or semi-transparent films 151. 

Relative distances of the light source 130 and light detector 140 fi-om the film 
measurement location are not important to the implementation of the invention. Also, while 
the discussion has been provided in the context of conducting film, the optical reflectance 
aspect of the invention is also applicable to dielectric films. 

As generally illustrated in Figure 2, a cross sectional view of one constmction 
according to the invention, the first optic fiber 101 and second optic fiber 102 extend into an 
axial bore 105 of the sensor 100 and is secured therein using an appropriate adhesive. 
Exemplary dimensions for the sensor 100 shown in Figure 2 are 10 mm in length and 3 mm 
in diameter, and having a bore diameter of 0.25 mm, though it is within the contemplation of 
the invention to vary the dimensions as needed, depending upon the application. 

In another construction illustrated in Figure 3, the light conducted by the first fiber 
101 is focused by a modifying member 106 and directed to the conducting film 151 under 
inspection. The modifying member 106 may be attached to the first fiber 101, or to both the 
first fiber 101 and the second fiber 102. 



Figure 4 shows one example of the inventive sensor in the context of a manufacturing 
process, wherein sensor measurements can be taken in situ, without removing the object from 
the process. In Figure 4, an object 150, such as a semiconductor wafer having a conducting 
fihn 151 disposed thereon is placed in inspection chamber 400 through an air lock 401. The 
5 object 150 is placed on a positioning tumtable 402 so that the object 150 may be rotated 
through 360 degrees if desired. Positioning the object 150 on the positioning tumtable 402 
may be performed by robotic devices (not shown). The sensor 100 is mounted on a 
positioning arm 403 that positions the sensor 100 at the correct distance from the object 150 
and has the ability to position the sensor 100 over any part of the object 150 and hence over 

10 any part of the conducting film 151. Various mechanisms to effect relative movement 
between the sensor 100 and the object 150 are well known to a skilled artisan. It is 
envisioned that these mechanisms will adjust the proximity of the sensor 100 to the 
conducting film 151 and/or adjust the angular or translational position of the positioning arm 
403 with respect to the object 150. Any point on the conducting film 151 may be inspected 

15 by providing appropriate relative movement between the object 150 and the sensor 100. This 
relative movement may be effected by moving the object 150 on the tumtable 402; moving 
the sensor 100 on arm 403; or both. Further, the sensor 100 may be tilted relative to the 
object 150 such that the sensor axis is not perpendicular to the surface of the object 150. 

It may be desirable for the inspection chamber 400 to be used for another process of 
20 wafer manufactiu-e such as a cool-down, anneal or metal deposition step, wherein eddy-optic 
inspection may proceed along with the other process, thereby reducing set-up time and 
increasing overall productivity. 
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Figure 5 shows an array of the inventive sensors which may monitor several locations 
on a wafer. In Figure 5, several sensors lOOa-lOOc are mounted on a positioning arm 403. 
The positioning arm 403 may be any configuration that comports with a desired inspection 
pattern. Each of the sensors 100a- 100c is connected to a switching system 500 using a 
plurality of first fibers 101 a- 101c and a plurality of second fibers 102a- 102c and conductors 
107a- 107c such that the switching system 500 may quickly connect an individual sensor to 
the light detector 140, the light source 130, the eddy current detector 110 and the RF 
generator 120 either sequentially or in a predetermined sequence. Each of the first optic 
fibers 101 a- 101c and the second optic fibers 102a- 102c is connected separately to the 
switching system 500. In such a manner, several locations on the object to be inspected may 
be quickly and/or selectively examined. 

With respect to the above description then, it is to be realized that the optimum 
dimensional relationships for the parts of the invention, to include variations in size, 
materials, shape, form, fimction and manner of operation, assembly and use, are deemed 
readily apparent and obvious to one skilled in the art, and all equivalent relationships to those 
illustrated in the drawings and described in the specification are intended to be encompassed 
by the present invention. 

Therefore, the foregoing is considered as illustrative only of the principles of the 
invention. Further, since numerous modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention to the exact construction and operation 
shown and described, and accordingly, all suitable modifications and equivalents may be 
resorted to, falling within the scope of the invention. 
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